Catalytic strategies of self-cleaving ribozymes.
[Structure: see text]. Five naturally occurring nucleolytic ribozymes have been identified: the hammerhead, hairpin, glmS, hepatitis delta virus (HDV), and Varkud satellite (VS) ribozymes. All of these RNA enzymes catalyze self-scission of the RNA backbone using a chemical mechanism equivalent to that of RNase A. RNase A uses four basic strategies to promote this reaction: geometric constraints, activation of the nucleophile, transition-state stabilization, and leaving group protonation. In this Account, we discuss the current thinking on how nucleolytic ribozymes harness RNase A's four sources of catalytic power. The geometry of the phosphodiester cleavage reaction constrains the nucleotides flanking the scissile phosphate so that they are unstacked from a canonical A-form helix and thus require alternative stabilization. Crystal structures and mutational analysis reveal that cross-strand base pairing, along with unconventional stacking and tertiary hydrogen-bonding interactions, work to stabilize the splayed conformation in nucleolytic ribozymes. Deprotonation of the 2'-OH nucleophile greatly increases its nucleophilicity in the strand scission reaction. Crystal structures of the hammerhead, hairpin, and glmS ribozymes reveal the N1 of a G residue within hydrogen-bonding distance of the 2'-OH. In each case, this residue has also been shown to be important for catalysis. In the HDV ribozyme, a hydrated magnesium has been implicated as the general base. Catalysis by the VS ribozyme requires both an A and a G, but the precise role of either has not been elucidated. Enzymes can lower the energy of a chemical reaction by binding more tightly to the transition state than to the ground states. Comparison of the hairpin ground- and transition-state mimic structures reveal greater hydrogen bonding to the transition-state mimic structure, suggesting transition-state stabilization as a possible catalytic strategy. However, the hydrogen-bonding pattern in the glmS ribozyme transition-state mimic structure and the ground-state structures are equivalent. Protonation of the 5'-O leaving group by a variety of functional groups can promote the cleavage reaction. In the HDV ribozyme, the general acid is a conserved C residue. In the hairpin ribozyme, a G residue has been implicated in protonation of the leaving group. An A in the hammerhead ribozyme probably plays a similar role. In the glmS ribozyme, an exogenous cofactor may provide the general acid. This diversity is in contrast to the relatively small number of functional groups that serve as a general base, where at least three of the nucleolytic ribozymes may use the N1 of a G.